According to the National Cancer Information Center of Korea, gastric cancer was the most common cancer among Korean men.[@B1],[@B2] Although the incidence of gastric cancer has steadily decreased steadily over the last several years, gastric cancer-associated mortality is the third most common cause of mortality in Korean cancer patients. Gastric cancer is a biologically and genetically heterogeneous malignancy that involves several genetic mutations and epigenetic alterations, including *CDH1*, p53 and *CTNNB1* mutations and hypermethylation of *MLH1*, *MSH2*, *CDH1*, *CDKN2A*, *CDK2AP2*, *RASSF1A*, and *RUNX3*.[@B3] However, little is known about gastric carcinogenesis and many studies are working to understand the molecular mechanisms that are implicated in gastric adenocarcinoma.

Heat shock protein 70 (HSP70) is an ubiquitously expressed protein, and the expression of HSP70 is up-regulated by variable stresses such as heat, anticancer chemotherapy, oxidative stress, and chemical injury and the assistance of various protein folding and unfolding processes in the cell.[@B4] HSP70 protein acts as a molecular chaperone in the development of malignant neoplasm, a stressful condition in which tumors are subjected to free radicals, a hypoxic environment and the accumulation of misfolded proteins, therefore the inhibition of HSP70 can be lethal to tumor cells.[@B5] Overexpression of HSP70 has been reported in many types of cancer and has been correlated with poor differentiation, lymph node metastasis and a shorter patient survival prognosis.[@B6]-[@B9] Some studies have reported that the role of HSP70 in human malignancies could be attributable to the interaction between p53 and HSP70 proteins, although other studies have reported contradictory results.[@B10]-[@B12] Additional reports have discussed the possibility that HSP70 expression is correlated with the differentiation and low proliferation of tumor cells.[@B10],[@B13],[@B14] The exact mechanism and function of HSP70 in cancer development remains unclear, although the expression of HSP70 is frequently found in malignant neoplasms.

A few studies that have been published investigated HSP70 expression in gastric adenocarcinoma but the studies have not revealed the prognostic impact of HSP70 expression in gastric cancer.[@B14]-[@B16] The studies reported that HSP70 is overexpressed in gastric cancers, is involved in tumor differentiation, and that there is a correlation between HSP70 expression and lymph node metastasis and vascular invasion, although no correlation between p53 and HSP70 expression has been identified. The purpose of this study was to define the role of HSP70 in gastric adenocarcinoma; the investigation examined the immunohistochemical expression of HSP70, p53, and Ki-67 and analyzed correlations between the expression of these proteins with clinicopathologic characteristics and patient survival.

MATERIALS AND METHODS
=====================

Patients and samples
--------------------

This study included a total of 458 gastric adenocarcinoma patients who underwent radical gastrectomy at Korea University Guro Hospital from 2002 to 2005. Each patient\'s records were reviewed to ensure that the study did not include any patient with a prior history of neo-adjuvant chemotherapy. Clinicopathologic data, including age, sex, distant metastasis, and survival data were obtained from the medical records. Archived formalin-fixed paraffin-embedded tissues were used for tissue microarray (TMA) and immunohistochemical staining.

Clinicopathologic data, including age, sex, distant metastasis, and survival data were obtained from medical records. All slide glasses and gross photos were reviewed and the histopathologic type, histologic grade, Lauren classification, invasion depth, regional lymph node metastasis, and lymphatic invasion were re-evaluated. All of the cases that were reviewed were reclassified according to the 7th American Joint Committee on Cancer/International Union against Cancer Classification (AJCC/UICC) TNM cancer classification system.[@B17] In addition, the World Health Organization classification system was applied for adenocarcinoma grading.[@B18] The follow-up period ranged from 2 to 2,514 days (mean, 50.5 months; median, 53.0 months). The mean age of the patients was 58 years (median, 61 years; range, 23 to 84 years) and the male to female ratio was 2:1. The study determined that early gastric carcinoma (EGC) was identified in 54% (n=246) of the patients, and advanced gastric carcinoma was found in 46% (n=212) of the patients. This study was approved by Institutional Review Board of the Korea University Guro Hospital (KUGGR-2010-033).

Tissue microarray and immunohistochemical staining
--------------------------------------------------

Hematoxylin and eosin-stained slide glasses from the selected patients were reviewed for TMA preparation. Portions from the leading edges of tumor infiltration were marked on the slides and used for the TMA construction. An additional 45 non-neoplastic mucosal tissues that were distant from the tumors were selected from the patient samples and used for non-neoplastic TMA control. The tissue core diameter used in TMA construction was 2.0 mm, and the TMA blocks were cut into 4 µm slices for immunohistochemical staining. The standard streptavidin-biotin peroxidase complex method was used for staining. After the deparaffinization and rehydration steps, the slides were heated in a microwave oven for 15 minutes in 10mM citrate buffer (pH 6.0) and treated with 3% hydrogen peroxide for 20 minutes. The antibodies that were used in this study included HSP70 (1:800, Abcam, Cambridge, UK), p53 (1:500, clone DO-7, Novocastra, Newcastle upon Tyne, UK), and Ki-67 (1:700, clone MIB-1, Dako, Glostrup, Denmark).

Immunohistochemical staining analysis
-------------------------------------

The immunohistochemical staining revealed that HSP70 expression was present in the cell cytoplasm. Based on these results, the study applied cytoplasmic staining intensity grading (0, no staining; 1, weak; 2, moderate; 3, strong) and determined the percent areas of positive tumor cells for analysis. The study considered positive expression to be present when more than 50% of tumor cells showed moderate or strong staining intensity.

In addition, the immunohistochemical staining of p53 and Ki-67 showed a nuclear staining pattern. The nuclear staining intensity (0, no staining; 1, weak; 2, moderate; 3, strong) and the percent areas of positive tumor cell nuclei were also graded. The study considered the staining to be positive when more than 10% of tumor cells showed moderate or strong staining intensity.

Statistical analysis
--------------------

All statistical analyses were performed using SPSS ver. 12 (SPSS Inc., Chicago, IL, USA). The Kaplan-Meier plots and the log-rank test were used to analyze patient survival. Correlations between protein expression and the clinicopathological characteristics were analyzed using Pearson\'s chi-square (χ^2^) and linear-by-linear association tests. Finally, the Cox proportional hazard model was used for the multivariate analysis. In all of the statistical analyses, a p\<0.05 was considered to be statistically significant.

RESULTS
=======

Expression of HSP70, p53, and Ki-67 in gastric adenocarcinoma
-------------------------------------------------------------

The results indicated that for patients with non-neoplastic gastric mucosa, 6 (13%) out of 45 samples showed cytoplasmic expression of HSP70. Eighteen (40%) of the non-neoplastic samples showed weak HSP70 staining, although strong staining was not observed in non-neoplastic tissue. The study determined that for the cases of gastric adenocarcinoma, 155 (34%) of the samples indicated cytoplasmic expression of HSP70. In addition, from these HSP70 positive samples, the percentages of EGC and advanced gastric cancer (AGC) were determined to be 85 (46%) patients and 70 (26%) patients, respectively ([Fig. 1](#F1){ref-type="fig"}).

Immunohistochemical p53 expression was not observed in patients with non-neoplastic gastric mucosa. The analysis showed that only a small percentage of scattered cells (\<10%) showed weak to moderate nuclear staining of p53 in non-neoplastic samples. In the gastric adenocarcinoma patients, p53 positivity was observed in 163 (36%) samples, which included 59 EGC (32%) and 104 AGC (38%) samples. The research indicated that Ki-67 positivity was observed in 63 (38%) of the total gastric adenocarcinoma samples, which included a total of 100 (54%) EGC and 65 (24%) AGC cases.

HSP70 expression and clinicopathologic characteristic correlations
------------------------------------------------------------------

HSP70 expression was found to be significantly associated with lower histologic grade (p=0.007), intestinal type Lauren classification (p\<0.001), lower pathologic T category (p\<0.001), lower pathologic N category (p\<0.001), and lower TNM stage (p\<0.001). No significant correlation between sex, age, lymphatic invasion, p53 and Ki-67 expression and HSP70 expression was observed (p\>0.05) in this study. The expression of p53 was associated with the pT category (p=0.014) and the pN category (p=0.042). In addition, negative Ki-67 expression was also found to be associated with the pT category (p\<0.001) and the pN category (p\<0.001).

The gastric adenocarcinomas were divided into two sub-groups, EGC and AGC, and the analysis investigated the correlation between HSP70 expression and clinicopathologic characteristics. The study determined that EGC was significantly associated with positive expression of HSP70 (p\<0.001). For the AGC subgroup, HSP70 expression was determined to have correlations between male (p=0.007) and higher histologic grades (p=0.046), intestinal type Lauren classification (p=0.001), and Ki-67 expression (p=0.002). Negative Ki-67 expression was the only clinicopathologic characteristic that was directly correlated with HSP70 expression in the EGC subgroup ([Table 1](#T1){ref-type="table"}).

Patient survival analysis
-------------------------

In all cases including the EGC and AGC subgroups, poor patient prognoses were associated with old age (p=0.016), higher histologic grade (p=0.001), diffuse type Lauren classification (p\<0.001), higher pathologic T category (p\<0.001), higher pathologic N category (p\<0.001), the presence of lymphatic invasion (p\<0.001), p53 expression (p=0.022), and negative expression of Ki-67 (p\<0.001). The study did not find a correlation between HSP70 expression and the rate of patient survival (p=0.327).

The survival analysis of the EGC subgroup revealed that lymph node metastasis (p=0.021), HSP70 expression (p=0.009), and negative Ki-67 expression (p=0.042) were parameters that correlated with poor patient survival ([Fig. 2](#F2){ref-type="fig"}). Sex (p=0.108), age (p=0.070), histologic grade (p=0.743), Lauren classification (p=0.707), depth of invasion (p=0.099), lymphatic invasion (p=0.477), and p53 expression (p=0.179) were not found to be associated with patient survival.

The analysis of the AGC subgroup survival revealed that old age (p=0.042), higher pathologic T category (p\<0.001), higher pathologic N category (p\<0.001), and the presence of lymphatic invasion (p\<0.001) were all associated with poor survival rates. The study did not identify any significant correlation between HSP70 expression (p=0.923), p53 expression (p=0.151), sex (p=0.517), histologic grade (p=0.726), Lauren classification (p=0.474), Ki-67 expression (p=0.190), and patient survival.

Multivariate analysis
---------------------

Multivariate analysis was performed with data from the EGC subgroup. The analysis considered parameters that included lymph node metastasis, depth of invasion, histologic grade, Ki-67 expression and HSP70 expression. The multivariate analysis indicated that HSP70 expression was an independent predictor of shorter survival (p=0.024). Other factors that contributed to survival included lymph node metastasis (p=0.003), submucosal invasion (p=0.015), and negative expression of Ki-67 (p=0.039) ([Table 2](#T2){ref-type="table"}).

DISCUSSION
==========

HSP70 is a highly conserved protein that is overexpressed in many types of malignancies.[@B11] HSP70 is an important protein because of its involvement in diverse roles in carcinogenesis and numerous studies have reported the value of identifying HSP70 expression in the diagnosis, prognosis, and prediction of many cancers.[@B10],[@B12],[@B13],[@B19],[@B20] Several studies have investigated the role of HSP70 in gastric adenocarcinomas, although direct correlations between HSP70 expression and clinicopathologic factors and the prognostic implications have not previously been determined.[@B14]-[@B16],[@B21]

We examined HSP70 expression in gastric adenocarcinomas and analyzed the correlation between expression, clinicopathologic factors and patient survival. The study determined that some aspects of HSP70 expression including negative correlation with pT category and pN category, and no correlation with lymphatic invasion were discordant with previously published data. However, some of the results were concordant with previous studies, including a positive correlation with differentiated type and intestinal type of Lauren classification, no correlation with p53 expression and patient survival rates.[@B14]-[@B16]

In addition, some previous studies that have addressed HSP70 expression in malignant tumors of other organs reported that HSP70 expression is increased in malignancies, especially in early stage tumors, but that HSP70 expression does not increase with tumor progression.[@B13],[@B22],[@B23] Based on these reports, we hypothesized that an increase of HSP70 expression could be found in early stages of gastric carcinogenesis and that the clinical implications of the increased expression could be limited to the EGC stage. Therefore, we divided patient samples into two subgroups, EGC and AGC, and analyzed the HSP70 expression in both of these subgroups. The study determined that HSP70 expression was more frequently observed in EGC and was correlated with poor patient survival in the EGC subgroup. No significant correlation between HSP70 expression and patient survival were determined for the AGC subgroup. These results suggest that HSP70 expression in gastric adenocarcinoma may be associated with carcinogenesis and the early stages of tumor progression.

The study did not observe any association between low pT category, low pN category and HSP70 expression in the EGC and AGC subgroup analyses. This result indicates that there was no direct correlation between HSP70 expression and tumor progression or lymph node metastasis. However, the analysis indicated that HSP70 expression increases in early stages of gastric adenocarcinoma, but its role in gastric carcinogenesis does not promote tumor invasion or lymph node metastasis.

Several previous studies suggested that the role of HSP70 in malignant neoplasm is related to p53 function, but this study did not identify any correlation between HSP70 and p53 expression.[@B24],[@B25] Additionally, another study that examined the roles of HSP70 and p53 expression in gastric cancer was concordant with our data.[@B14] The results indicated that in cases of gastric adenocarcinoma, the role of HSP70 does not appear to act through interaction with p53.

The survival analysis indicated that negative expression of Ki-67 was correlated with poor patient survival in the cases gastric adenocarcinoma and in the EGC subgroup. Negative Ki-67 expression was found to be correlated with the pT and pN stages in all adenocarcinoma cases and with HSP70 expression in the EGC subgroup. Furthermore, HSP70 expression and negative Ki-67 expression were determined to be independent poor prognostic markers of EGC. Currently, there are conflicting reports about the correlation between the Ki-67 index and poor prognostic factors such as invasion depth and lymph node metastasis. A previous study reported an association between negative expression of Ki-67 and tumor invasion depth in gastric adenocarcinoma.[@B26] Another EGC study also reported that Ki-67 was expressed in mucosal cancer, and was more commonly expressed than in submucosal cancer, although the findings in this study were not determined to be statistically significant.[@B27] These conflicting results that address the expression of Ki-67 in gastric adenocarcinoma may be due to intratumoral heterogeneity of Ki-67 expression. Therefore, in order to avoid random tissue selection effect in tumors that showed heterogeneous Ki-67 expression, we selected tumor portions from invasive borders which were used to represent the depth of tumor invasion.

Additional studies have reported that HSP70 expression is correlated with differentiated tumor type and low proliferation of tumor cells.[@B4],[@B14] Because HSPs could be pre-differentiation markers which are induced during tumor differentiation, which occurs with a decrease in cell proliferation, the role of HSPs in carcinogenesis may be correlated with tumor differentiation and low proliferative activity of tumor cells.[@B21],[@B28]-[@B30] In this study, we also observed that HSP70 expression is correlated with tumor differentiation and negative Ki-67 expression. In addition, the expression of HSP70 in gastric adenocarcinoma may be correlated with proliferative activity and tumor cell differentiation in the early stage of gastric adenocarcinoma which may contribute to the prognostic impact of HSP70 in early gastric adenocarcinoma.

The exact mechanism of HSP70 in carcinogenesis and tumor progression has not yet been determined. However, research has indicated that HSP70 expression is essential to tumor cell survival and its ability to avoid apoptosis, which reflects the diverse roles of HSP70 expression in tumorigenesis, tumor progression and tumor treatment.[@B4],[@B11] The overexpression of HSP70 is often reported in malignancies such as gastric adenocarcinomas.[@B15]-[@B17],[@B21] The results of this experiment suggest that HSP70 is especially overexpressed in the early stage of gastric adenocarcinoma and that the expression is inversely correlated with poor differentiation or diffuse types of tumor cells. In addition, especially in EGC cases, HSP70 expression is an independent poor prognostic marker that, along with negative Ki-67 expression, may be correlated with low tumor cell proliferation and tumor cell differentiation. Additional studies are essential to examine and determine the precise role of HSP70 in gastric adenocarcinoma.
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![Microscopic images of immunohistochemical staining. Heat shock protein 70 (A-C), Ki-67 (D-F), and p53 (G-I). Left panels are from non-neoplastic gastric mucosa (A, D, G), middle panels are negative expression samples from gastric adenocarcinoma (B, E, H), and right panels are positive expression samples from gastric adenocarcinoma (C, F, I).](kjpathol-47-219-g001){#F1}

![Analysis of gastric adenocarcinoma patient survival. Kaplan-Meier plots with heat shock protein 70 (HSP70) expression data in all cases of gastric adenocarcinoma including the early and advanced gastric carcinoma subgroups (A), early gastric carcinoma (B), and advanced gastric carcinoma (C). Lower graphs show Kaplan-Meier plots of Ki-67 expression in all gastric adenocarcinoma cases (D), early gastric carcinoma (E), and advanced gastric carcinoma (F). p-values obtained from log-rank tests are shown in each graph.](kjpathol-47-219-g002){#F2}
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Correlations between HSP70 expression and clinicopathologic characteristics
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Values are presented as number (%).

HSP70, heat shock protein 70; EGC, early gastric cancer; AGC, advanced gastric cancer; NA, not applicable; WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated; LP, lamina propria; MM, muscularis mucosa; SM, submucosa.

^a^AJCC Cancer Staging Manual, 7th edition; ^b^Japanese Classification of Gastric Carcinoma, 2nd edition.
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Multivariate analysis of early gastric cancer
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CI, confidence interval; PD, poorly differentiated; WD, well differentiated; MD, moderately differentiated; HSP70, heat shock protein 70.

[^1]: ^\*^Youngran Kang and Woon Yong Jung contributed equally to this work.
